INTRODUCTION
Hepatocellular carcinoma (HCC), which was the third leading cause of cancer related mortality, is diagnosed in more than 600,000 cases every year, worldwide. 1 For early stage HCC, surgical and locoregional procedures, such as radiofrequency ablation, have been found to be curitive. 2 However, at the time of diagnosis, the majority of patients present with advanced stage HCC. 3 In the past, because of no effective conventional cytotoxic agent for advanced HCC, it was diagnosed at an advanced stage, and prognosis remained dismal. 4 In recent years, with developments in targeted agents, the effectiveness of these drugs has been proven for many malignant neoplasms. Sorafenib, which is a multikinase inhibitor, targets Raf, vascular-endothelial growth factor (VEGFR)-2, VEGFR-3, platelet-derived growth factor -β, Flt-3, and c-Kit that inhibit molecular pathogenesis, angiogenesis, and tumor cell proliferation. [5] [6] [7] The rationale for the use of sorafenib in patients with advanced HCC is based on two large 3-phase clinical trials, namely, the Sorafenib HCC Assessment Randomized Protocol (SHARP) and the Asia-Pacific (conducted in the Asia-Pacific region) trials. 8, 9 Currently, sorafenib is the sole systemic agent that leads to a significant improvement in both overall survival and progression-free survival in patients with advanced HCC. Additionally, the guidelines of the European Association for the Study of the Liver (EASL) and the American Association for the Study of Liver Diseases (AASLD) recommend sorafenib as a first line of treatment in patients with advanced HCC. 10, 11 However, tumor regression was demonstrated only in a small proportion of patients in the SHARP and Asia-Pacific trials. Furthermore, only a relatively small number of complete remission (CR) cases were reported worldwide for sorafenib monotherapy. Of these, two CR cases were reported among 90 patients in a single center. 12 . Therefore, we evaluated the CR rate and long term outcomes in advanced HCC patients who experienced CR after sorafenib monotherapy at three tertiary medical centers over 4 years.
MATERIALS AND METHODS

Patients
All patients who were treated with sorafenib monotherapy for advanced HCC at the Kyungpook National University Hospital and Kyungpook National University Medical Center in Daegu, Korea, and the Pusan National University Hospital, Pusan, Korea, between January 1, 2010 and December 31, 2013 were evaluated. A retrospective data review was performed using the three centers as cohorts. Further, a survey was conducted to determine the number of patients who experienced CR according to radiologic or pathologic findings. The study protocol was reviewed and approved by the Kyungpook National University Hospital Institutional Review Board (2009-1027), and the study was conducted in accordance with the principles of the Declaration of Helsinki.
Clinical data and follow-up
Data on baseline clinical and tumor characteristics of the entire 
Diagnosis of advanced HCC
The diagnosis of HCC was based on histologic or classical imaging features. The clinical diagnosis of HCC was defined as follows: among the patients with chronic hepatitis B or chronic hepatitis C and/or liver cirrhosis with any etiology, a definite diagnosis was established with the presence of a nodule larger than 2cm, showing a typical enhancement pattern (arterial enhancement and early wash-out in the delayed phase) on triphasic computed tomography (CT) and/or magnetic resonance imaging with liver-specific contrast agents. 13 Further, advanced HCC was regarded as single or multinodular HCC with portal vein invasion and/or distant metastasis.
11
Criteria for complete remission CR was determined by radiologic findings according to the modified response evaluation criteria in solid tumors and pathology.
14 CR was defined as follows: (1) No arterial enhancing mass on contrast-enhanced radiologic imaging and (2) pathologic confirmation following surgery.
Dosage of sorafenib
Sorafenib (Nexavar; Bayer Healthcare Pharmaceuticals, Leverkusen, Germany) was administered orally to patients, initially at a dose of 400 mg, twice daily. All patients received sorafenib until unacceptable toxicity or patient refusal. The dosage of sorafenib could be reduced if grade 2 or 3 toxicity persisted.
Statistical analysis
Quantitative values are expressed as means with standard deviations or medians with range. Categorical values are expressed as numbers with percentages. As the number of patients who experienced CR was limited, statistical analysis for evaluating the factors associated with tumor response and recurrence could not be assessed. All statistical analyses were performed using the SPSS program (version 20.0; IBM, Somers, NY, USA).
RESULTS
Baseline characteristics of the patients
Sorafenib was administered to 523 patients with advanced HCC. Most patients were men with chronic hepatitis B (78.0%) and Child-Pugh Class A (85.5%). At the diagnosis of advanced HCC, radiologic features of the tumors included a relatively large size (mean: 8.5 cm), a single tumor in 48.4% of cases, portal vein invasion in 67.1% of cases, and extrahepatic metastasis in 42.3% of cases. Of these, only 7 patients who were diagnosed with advanced HCC according to the Barcelona Clinic Liver Cancer (BCLC) classification (BCLC Stage C) achieved CR after sorafenib monotherapy (CR rate: 1.3%). Data on baseline clinical characteristics of patients who achieved CR are shown in Table 2 . At diagnosis, the age of the patients ranged from 43 to 71 years (median: 53 years) and only 1 patient was female. All patients had chronic hepatitis B (6, 86%) or chronic hepatitis C (1, 14%), which is a high-risk etiology for developing HCC. The reservoir of hepatic function was relatively good (Child-Pugh Class A: 4, Class B: 3). Further, 7 patients' Eastern Cooperative Oncology Group performance status was 0. Four out of these 7 patients were initially diagnosed with advanced HCC, whereas the others were diagnosed after transarterial chemoembolization (TACE) with or without radiofrequency ablation (RFA) or surgery. Only 1 patient was diagnosed with HCC by histology.
Pretreatment tumor characteristics
Pretreatment radiologic features of the tumors included right lobe predominance, relatively small size (3.5-13 cm, median: 5.3 cm), and portal vein invasion without distant metastasis except in 1 case (Table 2 ). An elevated serum alpha fetoprotein (AFP) level was observed in 5 patients (315.5-30,376 ng/mL, median 685.6 ng/mL) at the diagnosis of advanced HCC. The level of serum protein induced by vitamin K absence or antagonist-II (PIVKA-II) was elevated (113-2,000 mAU/mL, median: 1,083 mAU/mL) in all except 3 patients, whose data were not available.
Characteristics of complete remission
The clinical outcomes following CR in patients who received sorafenib have been described in Table 4 . The time to tumor disappearance was less than 6 months in all cases (2-6 months, median: 34 months). Before the achievement of CR, the serum AFP level was normalized or maintained at normal in patients with normal serum AFP level, whereas the PIVKA-II level was not normalized. All 7 patients experienced radiologic CR with normalization of the serum AFP level, whereas pathologic CR was not noted in any patient.
Dosage and maintenance of sorafenib
The duration of sorafenib use varied across patients (1-44 months, median: 11 months). The dosage of sorafenib was reduced after achieving CR in 3 of the 7 patients because of side effects (Table 4) . Before achieving CR, 1 patient (Patient 2) discontinued sorafenib because of the economic burden. After 6 weeks of achieving CR, 1 patient (Patient 1) discontinued sorafenib because of infection (Table 5 ).
Recurrence and subsequent treatment
Disease free survival varied across patients (3-43 months, median: 9 months). Three of the 7 patients showed recurrence after sorafenib therapy. Of these, 1 patient (Patient 2) showed recurrence in the liver and lung at 42 months after achieving CR, and then died 3 months later. Two patients experienced distant intrahepatic recurrence at 10 (Patient 1) and 3 months (Patient 5) after achieving CR. After intrahepatic recurrence, 1 patient (Patient 1) was treated with RFA and TACE, while the other patient was treated (Patient 5) with RFA. These patients were followed up for a total of 15 months and for 7 months without recurrence. Mortality, which was not related with disease progression, was noted in 2 out of the 7 patients (Patients 1 and 3) .
DISCUSSION
Based on the SHARP and Asia-Pacific trials, sorafenib is the sole chemotherapeutic agent that has been shown to significantly improve both overall and progression-free survival. 8, 9 However, of the 449 patients who received sorafenib, no CR was achieved in patients with advanced HCC. Moreover, only 12 (2.6%) patients achieved partial response in both studies. Theoretically, sorafenib is only able to inhibit tumor progression in HCC patients because its effect is not cytotoxic, but it inhibits tumor proliferation and angiogenesis. However, after the approval of sorafenib in Europe nationwide survey conducted in Japan reported 18 cases of CR after sorafenib in patients with advanced HCC among 3047 patients (CR rate, 0.6%). 25 In the entire cohort of 523 patients in the present study, only 7 patients (1.3%) achieved CR after sorafenib therapy. All reported cases of CR achievement after sorafenib monotherapy tend to exhibit a rapid decrease in serum AFP levels before CR. 12, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Further, in only 3 cases, it took more than 6 months to achieve CR. 16, 18, 22 In the present study, the time to CR was less than 6 months in all cases. It is more likely to achieve CR with sorafenib because a rapid tumor response has been shown to occur within 6 months. With a rapid tumor response, a rapid decrease in the serum AFP level was also observed after sorafenib therapy (Fig. 1) . It is well known that the rapid decrease in serum AFP is a good predictive factor for sorafenib response. 26 Moreover, AFP response was an independent surrogate marker that predicted the prognosis of patients with advanced HCC after sorafenib therapy. 27 In this study, the radiologic response was well correlated with the serum AFP level. Based on these findings, both a rapid decrease in the serum AFP level and an initial radiologic response within 6 months may be good predictive factors for sorafenib response. In this study, although patients achieved CR after sorafenib therapy, the recurrence rate was relatively high (3 of 7 patients, 43%). However, recurrence at the target lesion was not noted in any of the patients. Recurrence was in the form of distant metastasis, which could be controlled by locoregional therapy (Patients 1 and 5), except in patients with extrahepatic recurrence. In previous studies, treatment following CR varied from surgery to observation. 12, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Although surgery or transplantation is preferred for curative treatment, most HCC patients cannot receive these treatments because of underlying chronic liver disease or limited donors and high costs. Moreover, there are limited data on these curative treatments after achieving CR. Except for 2 cases, followup periods after achieving CR was less than 1 year in most studies. 18, 23 Therefore, sorafenib maintenance therapy can be suggested as a therapeutic option for patients who cannot receive curative treatment. However, there are limited data about the efficacy of sorafenib maintenance therapy after achieving CR. Only 5 cases have reported continuation of sorafenib after achieving CR. 12, [20] [21] [22] Moreover, recurrence has not been addressed in most studies. In this study, 5 patients underwent sorafenib maintenance therapy. Of these, 1 patient experienced distant intrahepatic recurrence. In contrast, of the 2 patients who discontinued sorafenib before or after achieving CR, 1 patient experienced distant intrahepatic recurrence and the other experienced extrahepatic recurrence after discontinuation of sorafenib. Thus, recurrence was more likely to occur in patients with early discontinuation of sorafenib. However, because of the limited number of cases, the efficacy of sorafenib maintenance therapy is still questionable. Therefore, further investigation is needed on sorafenib maintenance therapy after achieving CR.
In this study, all cases, except 1, were of locally advanced HCC without distant metastasis. It was suggested that VEGF may be closely associated with HCC carcinogenesis, and may also promote portal vein thrombosis through modulating angiogenesis. 28 In this regard, sorafenib could play a critical role in both direct regression of tumor cells and recanalization of portal vein thrombosis by inhibition of the VEGF pathway. 29 However, there is still no known convincing mechanism of these dramatic responses to sorafenib. One limitation of our study is that the diagnosis of HCC was made without a biopsy. However, the diagnosis was based on the typical post-contrast pattern of image findings and tumor size of more than 2 cm in all cases. These clinical diagnoses were based on the AASLD and EASL guidelines. 10, 11 Another limitation was that the diagnosis of CR was made based on radiologic findings in all cases. All patients were not candidates for resection because of liver cirrhosis or refusal of liver transplantation. However, although the diagnosis of CR was based on radiologic findings, there was no recurrence of target lesions in any of the patients.
In conclusion, although the number of cases is small, the recurrence rate after achieving CR in advanced HCC after sorafenib therapy is relatively high in our study. Subsequent strategies to reduce the recurrence rate after sorafenib therapy should be investigated. Further studies should identify the molecular features of these tumors to explain the achievement of these dramatic responses.
